Structural and functional roles of the conserved cysteine residues of the redox-regulated import receptor Mia40 in the intermembrane space of mitochondria.
Oxidative folding drives the import of proteins containing twin CXnC motifs into the intermembrane space of mitochondria. This import pathway employs a disulfide relay system whose key components are the redox-regulated import receptor Mia40 and the thiol oxidase Erv1. Mia40 contains six cysteine residues in a CPC-CX9C-CX9C arrangement in a highly conserved domain. We show that this domain is sufficient for the function of Mia40. By analysis of Mia40 cysteine mutants we demonstrate that the cysteine residues have distinct roles and are not equally important for Mia40 function. The second cysteine residue is essential for viability of yeast cells. It is required for the interaction of Mia40 with Erv1 in a disulfide intermediate and forms a redox-sensitive disulfide bond with the first cysteine residue. Both cysteine residues are required for the oxidation of the substrate, Tim10, in a reconstituted system comprised of Mia40 and Erv1. Mutants with amino acid exchanges in the third and sixth cysteine residues have severe defects in growth and in the import of intermembrane space proteins. These Mia40 variants are not tightly folded. We conclude that the cysteine residues of the twin CX9C motif have a structural role and stabilize Mia40. In particular, the disulfide bond formed by the third and sixth cysteine residues apparently supports a conformation crucial for the function of Mia40. Furthermore, the disulfide bond in the CPC segment mediates the redox reactions with the thiol oxidase Erv1 and substrate proteins in mitochondria.